Twenty-one progenies of Pterocarpus marsupium were evaluated for seed germination, seedling height, collar diameter, number of leaves, root length; shoot and root vigour indices. The genetic parameters for seed germination and other associated parameters showed a wide range of variations in progenies of different candidate plus trees (CPTs) at nursery stage except collar diameter. The CPTs, BHB-1 and BHB-2 invariably exhibited high germination and other parameters, whereas GK-1 recorded with the least performer with respect to germination, shoot and root vigour index. Analysis of variance indicated significant variation existed among the CPTs of different localities for all the traits under study. Considering genetic advance and heritability, the highest genetic gain obtained for germination, seedling height, shoot vigour index, root vigour index suggested these traits effective means for selection of CPTs. Highest 100 seed weight was recorded with CPT BHB-3 which was on par with other CPTs (BHB-1, BHB-2 and BHB-4) of the same locality. Initial growth at the age of 2 year old progeny trial confirms the superiority of these CPTs of Bilaspur along with by BL of Balod.
INTRODUCTION
Pterocarpus marsupium Roxb. (Fabaceae), commonly known as Bijasal or Indian Kino, is one of the most valuable multipurpose forest tree. The tree possesses gum-kino, which is a powerful astringent and are used to cure various diseases. The tree is particularly known to have anti-diabetic properties in various forms (Manikam et al. 1997 , Vats et al. 2002 , Bajpai et al. 2016 ). The tree is commonly found throughout the Deccan Peninsula and extending to the states of Gujarat, Madhya Pradesh, Uttar Pradesh, Bihar, Orissa and certain parts of northern India (Krishnamurthi 1998) . India is disreputably referred to as diabetic capital of the world (Kaveeshwar & Cornwall 2014 ) and due to extensive use of this species in preparation of diabetic medicine, it is rapidly depleting from its natural habitat. Chhattisgarh state forest department has also observed various illicit felling in its natural population and assigned the task of germplasm collection and to develop ex situ conservation strategy. During an extensive survey for selection and marking of candidate plus trees in Chhattisgarh, sparse population of the species was found in three agroclimatic zones of the state. However, twenty-one candidate plus trees (CPTs) were selected based on their superiority with respect to plant height, girth at breast height (GBH), clear bole, crown size and number of branches. However, the performance of progenies of CPTs needs to be evaluated at different stages from the seedling stage to at least one-third of the rotation of that crop for morphological characters like quality and quantity of timber yield.
Selection of CPTs and evaluation of their progenies are prerequisite for tree improvement programmes based on performance at seedling stage by providing same growing condition. Hence, such plus trees can be categorized as elite types based on their performance through progeny trials. The present communication describes the selection of CPTs from three agroclimatic zones in Chhattisgarh state and evaluating their performance at seedling stage followed by progeny trial establishment. The CPTs of Pterocarpus marsupium from three agroclimatic zones of Chhattisgarh were selected during 2011-2012 ( Fig. 1A-C ). The places of selection are mentioned in table 1. The mature and dried pods of brown colour were collected from the selected trees during April-May 2012 (Fig. 1D ). The tree wise pods were spread separately on the floor under the shade for one week. 100 Pod weight of each tree was determined in three replications (ISTA 2010). Then the seeds were cut from upper and lower ends ( Fig. 1E ). No prior seed treatment was given. Individual seed lot of different CPTs was sown in root trainers on 25 mm size filled with potting mixture consisting of soil, sand and farmyard manure (FYM) in the ratio 2:1:1 during April under non misting condition. This experiment was laid out in randomized block design with four replications having 100 seeds each. Watering and weeding were attended as and when required. Germination started from first week and continued up 60 days (Fig. 1F,G) . Observation on daily germination count was recorded up to 60 days from the date of first emergence. After completion of emergence, all the seedlings were transferred (Fig. 1H ) to polythene bags of 25 cm × 25 cm size, (Fig. 1I ). For estimation of growth of seedling, ten randomly selected seedlings ( Fig. 1J ) from each replication were harvested from the polybags and measured for their height (Fig. 1K) , collar diameter and number of leaves after 6 months. To measure the root length, the samples were thoroughly washed with water so as to remove soil completely from root portion ( Fig. 1L ). Following the standard formula, shoot and root vigour indices were calculated. For quantification of dry root/shoot biomass, 10 random samples of each locality were oven dried at 60 o C for four days.
MATERIALS AND METHODS
These parameters were calculated to test the vigour of different CPTs of P. marsupium. The data recorded on the germination and other associated parameters i.e. germination (%), seedling height (cm), collar diameter (cm), number of leaf, root length (cm), shoot vigour index and root vigour index were subjected to statistical analyses using statistical package by Windostat Version 9.2 from indostat services, Hyderabad licensed to Tropical Forest Research Institute Jabalpur. Estimates of descriptive statistics viz. mean, coefficient of variation, F ratio, F Probability, standard error, critical difference were calculated.
A progeny trial comprising 21 CPTs was established in July 2016 at Naya Raipur, Chhattisgarh with 25 numbers of plants in 3 replications each (Fig. 1M,N) . The growth data scored after 2 years ( Fig. 1O,P) .
RESULTS AND DISCUSSION
Seed germination is one of the important characters which shows the speed of germination of any progeny or seed source. In the present study, significant variation for seed germination among progenies of 21 CPTs was recorded, which ranged from 20.81 (GK-1) to 79.81% (BHB-1). Five out of 21CPTs showed maximum seed germination (more than 70%, whereas five CPTs recorded poor seed germination of less than 40% (Table 1) . This variation could be due to genotype differences as seeds from all the progenies were raised under similar environmental conditions. Sometimes seed dormancy may also influence seed germination in P. marsupium, which is controlled by various physical barrier (Kundu & Chaturbedi 2014) , seed size and seed mass (Mishra et al. 2013) . Patil et al. (2017) recorded variation in seed germination in Pongamia pinnata (L.) Pierre among different seed sources ranging from 12.50% to 84%. Similarly, progenies of candidate plus trees of Pongamia pinnata for seed germination and seedling vigour has been evaluated with the marked difference due to genotypic variation of individual progeny (Vasav et al. 2011) . It shows that seed source and individual trees have the pronounced effect on seed germination.
Significant variation in the growth parameter of seedling of different among was recorded except collar diameter. After six months, seedling height greatly varied among progenies of CPTs, from 21.39 cm (TN-1) to 43.99 cm (BHB-1). Five CPTs showed the higher seedling height of more than 40 cm. Leaf number is one of the prospective characters of the plant that positively influences seedling growth. In the present study leaf number varied from 3.39 to 7.18 among progenies of CPTs. Such a range of variation has also been recorded among CPTs for other seedling parameters like and root length (11.40-19.39 cm) (Table 1) . Besides, shoot and root vigour indices varied significantly among progenies. Minimum and maximum shoot vigour index were scored with a range of 589.7-3514.2 recorded for CPTs GK-1 and BHB-1. The root index also followed a similar trend (272.57-1496.1) among CPTs (Table 1) . This variation is due to genetic and environmental factors which affect the seedling growth and substantiated with the findings of Geethanjali et al. (2003) in Jatropha curcas L. and George et al. (2003) in Madhuca latifolia (Roxb.) J.F.Macbr. Biomass and 100 pod weight are the indictors of seedling vigour, which exhibit the genetic worth of selected CPTs (Sudrajat 2016) . Dry biomass of root and shoot did not show significant difference among progenies of 21 CPTs (Fig. 2) , which may be due to the control condition of these individuals grown in shadehouse condition that exposed to equal competition for light, nutrients and moisture for the seedlings. 100 Pod weight of trees selected from Bilaspur locality exhibited higher values probably because of young trees selected from this location, thus producing more vigorous seeds (Fig. 2) .
In this experiment analysis of variance indicated significant variation among the CPTs of different localities. The highest phenotypic coefficient of variation (PCV) was exhibited by the shoot vigour index, root vigour index followed by collar diameter and germination percentage ( Table 2) . Genotypic coefficient variation (GCV) had similar trend as PCV. High heritability and high genetic advance was observed in the shoot vigour index, root vigour index and germination percentage. This combination of the high heritability and high genetic advance indicated the presence of a good amount of heritable additive component in both traits and provide a clear image of the trait in the selection process of P.marsupium. It is evident from table 2 that in general estimates, phenotypic coefficient of variation were higher compared to genotypic and environmental coefficients of variation (ECV). Broad sense heritability was higher for all the traits under investigation. If Genetic advance as percent of mean and heritability considered together as recommended by Johnson et al. (1955) , response to selection or genetic gain would be higher for germination, seedling height, shoot vigour index, root vigour index as compared to collar diameter, number of leaf and root length.
The progeny trial established in Naya Raipur Chhattisgarh evaluated after 2 years showing BHB-1 as an outperforming CPT recorded with maximum average height (104.40 cm) and average girth (16.62). The responses of other CPTs from Bilaspur, viz. BHB-2, BHB-3 and BHB-4 overriding by BL selected from Balod (data not shown). Therefore, the performance of these CPTs in progeny trial needs to be evaluated for some more time for the precise screening of outperforming CPTs.
The results of the present study show that BHB-1, BHB-2, BHB-3 and BHB-4 selected from Bharuadih (Bilaspur) region performed better with respect to seed germination and other associated parameters, whereas CPTs like PN-2 from Parvi (Narayanpur), BL from Balod, and BA-1 from Baisgaon (Antagarh), performed better with respect to seedling growth characteristics compared to other progenies. Hence the progenies of these CPTs provide a great opportunity to the tree breeder to screen and capture natural variation for the success of afforestation programmes in Chhattisgarh, India.
